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7XPRUVSHFLILF JHQH SURGXFWVVXFK DVFDQFHUWHVWLV &7DQWLJHQVDUHSURPLVLQJ WDUJHWV IRU WKH GHYHORSPHQWRI7
FHOOYDFFLQHV&7DQWLJHQVDUHIUHTXHQWO\IRXQGLQVHYHUDO WXPRUV EXW WKHLU H[SUHVVLRQLQSLWXLWDU\DGHQRPDVKDV
QRW EHHQ LQYHVWLJDWHG +HUHZH LPPXQRKLVWRFKHPLFDOO\ VWXGLHG WKH H[SUHVVLRQ RI WKH KXPDQ 6SHUP SURWHLQ 
6S&7DQWLJHQLQGLVHDVHIUHHSLWXLWDU\JODQGVQ DQGFOLQLFDOO\IXQFWLRQLQJQ DQGQRQIXQFWLRQLQJ
SLWXLWDU\ DGHQRPDV Q    7KH QRUPDO SLWXLWDU\ WLVVXHV FRQWDLQHG RQO\ D IHZ VFDWWHUHG 6SLPPXQRSRVLWLYH
FHOOV ZKHUHDV   QRQIXQFWLRQLQJ DGHQRPDV DQG   IXQFWLRQLQJ S    ZHUH KLJKO\
LPPXQRSRVLWLYH 7KH SDWLHQWV IURP ZKRP WKH 6SLPPXQRSRVLWLYH VDPSOHV ZHUH WDNHQ ZHUH ROGHU WKDQ WKRVH
ZKRVH VDPSOHVZHUH LPPXQRQHJDWLYH S  7KH KLJK IUHTXHQF\RI6S H[SUHVVLRQ LQ SLWXLWDU\ DGHQRPDV
VXJJHVWV WKDW LW PLJKW EH D SRWHQWLDO KLVWRSDWKRORJLFDO ELRPDUNHU RI VXFK WXPRUV DQG D KHOSIXO WRRO LQ GLVHDVH






+XPDQ SLWXLWDU\ DGHQRPDV DFFRXQW IRU Ĭ RI DOO LQWUDFUDQLDO QHRSODVPV >@ WKH\ DUH UDUH LQ
FKLOGKRRG DQGPRUH IUHTXHQW LQ IHPDOHDGXOWVZKRDUHXVXDOO\\RXQJHU WKDQ WKHLUPDOHFRXQWHUSDUWV
7KH\DUHPDLQO\EHQLJQJURZVORZO\DQGUDUHO\PHWDVWDVL]HEXWODUJHDQGLQYDVLYHWXPRUVPD\GHYHORS
FDXVLQJSUHVVXUHV\PSWRPVDQGSLWXLWDU\G\VIXQFWLRQGXHWRVWDONFRPSUHVVLRQRUSLWXLWDU\GDPDJH>@
3LWXLWDU\ DGHQRPDV DUH XVXDOO\ FODVVLILHG RQ WKH EDVLV RI WKH FKDUDFWHULVWLF FOLQLFDO V\QGURPHV
DFFRPSDQ\LQJ WKH SURGXFWLRQ RI WKH WXPRU KRUPRQH KRZHYHU D QXPEHU DUH FODVVLILHG DV
³QRQVHFUHWLQJ´ RQ D SXUHO\ FOLQLFDO EDVLV DQG DUH FRPPRQO\ GHILQHG ³FOLQLFDOO\ QRQIXQFWLRQLQJ´
SLWXLWDU\DGHQRPDV>@$OWKRXJKDGYDQFHVKDYHEHHQPDGHLQRXUXQGHUVWDQGLQJRI WKHLUPROHFXODU
DQG FHOO ELRORJ\ >@ WKHUH DUH VWLOO QR XQLYHUVDO ELRPDUNHUV IRU WKHLU HDUO\ UHFRJQLWLRQ RU IRU
HOXFLGDWLQJ WKHLU FRPSOH[ XQGHUO\LQJ G\QDPLFV >@ 7KHLU JHQHVLV UHPDLQ FRQWURYHUVLDO LW PD\
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LQYROYH LQWULQVLF DOWHUDWLRQV LQ SLWXLF\WHV WKHRYHUH[SUHVVLRQRI DFWLYDWLQJJHQHVRU WKH ORVVRI WXPRU
VXSSUHVVRU JHQHV DOWHUDWLRQV LQ WKH K\SRWKDODPXVSLWXLWDU\ D[LV DQG WKH RYHUSURGXFWLRQ RI ORFDOO\
VHFUHWHG JURZWKIDFWRUV RU F\WRNLQHV WKDW DUH DFWLYH RQ K\SRSK\VHDO FHOOV >@ $V PRVW SLWXLWDU\
DGHQRPDVVHHPWRGHULYHIURPWKHFORQDOH[SDQVLRQRID VLQJOHWUDQVIRUPHGFHOOJHQHWLFDOWHUDWLRQVDW
SLWXLWDU\ OHYHO VHHP WR EH PRUH OLNHO\ 5HFHQW GDWD VXJJHVW WKDW D JHQHWLF SUHGLVSRVLWLRQ WR SLWXLWDU\
WXPRUVLVOHVVUDUHWKDQWKRXJKWDQGWKDWJHQHVRWKHUWKRVHIRUPXOWLSOHHQGRFULQHQHRSODVLDW\SHDQG
&DUQH\FRPSOH[DUHDOVRLQYROYHG>@
$ QXPEHU RI WXPRUDVVRFLDWHG DQWLJHQV FDOOHG FDQFHUWHVWLV &7 DQWLJHQV DUH H[SUHVVHG LQ D IHZ
QRUPDO WLVVXHVDQGYDULRXVKXPDQ WXPRUVRIXQUHODWHGKLVWRORJLFDORULJLQ>@2QHRI WKHVH LVWKH
KXPDQ6SHUPSURWHLQ6SZKLFKKDVEHHQLGHQWLILHGDVD&7DQWLJHQLQPXOWLSOHP\HORPD00
RYDULDQ HQGRPHWULDO DQG FHUYLFDO FDQFHUV >@P51$ HQFRGLQJ 6S KDVEHHQ IRXQG LQ  RI
SDWLHQWVZLWK00>@DQGLQSULPDU\WXPRUFHOOVIURPRISDWLHQWVZLWKSULPDU\RYDULDQFDUFLQRPD
>@$WSURWHLQOHYHO6SKDVEHHQIRXQGLQKXPDQJHUPLQDOFHOOVRIWKHWHVWLVH[FHSWLQWKHFDVHRI




H[SUHVVHG LQ JHUPLQDO FHOOV DQG DOVR YDULRXV QHRSODVWLF WLVVXHV 6S LV PRUH ZLGHO\ GLVWULEXWHG LQ
KXPDQVWKDQRULJLQDOO\WKRXJKW>@





WUHDWLQJ WKHSDWLHQWV DOO RIZKRPZHUH LQIRUPHGRI WKHSRVVLEOHGLVFRPIRUWV DQGULVNVRI WKH VXUJLFDO
SURFHGXUH
6L[W\SLWXLWDU\DGHQRPDVSHFLPHQVZHUH WDNHQ IURP WKH ILOHVRI WKH'HSDUWPHQWRI3DWKRORJ\,5&&6
,VWLWXWR&OLQLFR+XPDQLWDV5R]]DQR0LODQ,WDO\
:H DOVR XVHG D IXUWKHU VL[ DXWRSWLF DGHQRK\SRSK\VLV WDNHQ IURP PHQ ZKR GLHG RI QRQHQGRFULQH









PLQ WRTXHQFKHQGRJHQRXVSHUR[LGDVHDFWLYLW\DQGWKHQWUHDWHGIRU WZRKRXUVDW URRP WHPSHUDWXUH
ZLWKSULPDU\SRO\FORQDODQWLERGLHVUDLVHGDJDLQVW6S$EFDP8.RUZLWKUDEELW,J*'DNR0LODQ
,WDO\ DV D QHJDWLYH FRQWURO IROORZHG E\  PLQXWHV¶ LQFXEDWLRQ ZLWK WKH '$.2 (QYLVLRQ V\VWHP
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'DNR ĄGLDPLQREHQ]LGLQH WHWUDK\GURFKORULGH 'DNR ZDV XVHG DV D FKURPRJHQ WR \LHOG EURZQ
UHDFWLRQSURGXFWV7KHQXFOHLZHUHOLJKWO\FRXQWHUVWDLQHGZLWKKHPDWR[\OLQVROXWLRQ0HGLWH%HUJDPR
,WDO\
7KH LPPXQRKLVWRFKHPLFDO UHDFWLRQ ZDV REVHUYHG XQGHU D OLJKW PLFURVFRSH /HLFD '0/$ DQG
FDWHJRUL]HGLQWRRQHRIWKUHHGLVWLQFWSDWWHUQVD VSRWWHG6SUHVWULFWHGWRLVRODWHGDQGVFDWWHUHGFHOOV









:H LQYHVWLJDWHG VXUJLFDO WLVVXH WDNHQ IURPSDWLHQWV 0) PHDQ DJH   \HDUV
UDQJH  \HDUV ZLWK SLWXLWDU\ DGHQRPDV   FODVVLILHG RQ WKH EDVLV RI WKH FKDUDFWHULVWLF
FOLQLFDO V\QGURPHV DFFRPSDQ\LQJ WKHSURGXFWLRQRI WKH WXPRUKRUPRQHDV FOLQLFDOO\QRQIXQFWLRQLQJ
DQG ZLWKIXQFWLRQLQJSLWXLWDU\DGHQRPDV LQFOXGLQJHLJKW*+FHOODGHQRPDVWKUHH76+FHOO




)LJXUH$ZKHUHDV QRQIXQFWLRQLQJDQG  IXQFWLRQLQJDGHQRPDV S  ZHUH
KLJKO\LPPXQRSRVLWLYH
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)LJ  6S LV
ORFDOL]HGLQ W K H
F\WRSODVP RI D IHZ
Q R U P D O SLWXLF\WHV
$ DQG D Y D U L D E O H
QXPEHU RI W X P R U D O
FHOOV DQG KDV WKUHH
PLFURVFRSL
F D O O \ G L V W L Q F W
GLVWULEXWLRQSDWLHQWV
V S R W W H G UHVWULFWHG





)LJ  7KH IUHTXHQFLHV RI WKH GLIIHUHQW SDWWHUQV LQ WKH ZKROH SLWXLWDU\ DGHQRPD FDVHOLVW $ DQG LQ FOLQLFDOO\ QRQIXQFWLRQLQJ DQG
IXQFWLRQLQJ DGHQRPDV % VKRZ WKDW6S LVKLJKO\ H[SUHVVHG LQ FOLQLFDOO\ QRQIXQFWLRQLQJ SLWXLWDU\DGHQRPDV OHVV VR LQ FOLQLFDOO\
IXQFWLRQLQJDGHQRPDV
7KH SDWLHQWV IURPZKRP WKH6SLPPXQRSRVLWLYH VDPSOHVZHUH WDNHQZHUH ROGHU WKDQ WKRVHZKRVH
VDPSOHVZHUHLPPXQRQHJDWLYHYV\HDUVS  )LJXUH
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)LJXUH  7KH SDWLHQWV IURP ZKRP WKH
6SLPPXQRSRVLWLYH VDPSOHVZHUHWDNHQZHUHROGHU
WKDQ WKRVH ZKRVH VDPSOHV ZHUH
LPPXQRQHJDWLYH    YV    \HDUV
S    1XPEHUV LQVLGH FROXPQV DUH WRWDO
QXPEHUV RI HYHQWV HYDOXDWHG
'LVFXVVLRQ
3 L W X L W D U \ DGHQRPDV DFFRXQW IRU
DERXWRIDOOLQWUDFUDQLDOWXPRUV>@DQGDUHLQFLGHQWDOO\IRXQGLQDKLJKSHUFHQWDJHRIDXWRSVLHV
>@0RVWSLWXLWDU\DGHQRPDVDUHGLVFUHWHZHOOGHPDUFDWHG OHVLRQVDPHQDEOH WRVXUJLFDO UHVHFWLRQ
EXWPLFURVFRS\VWXGLHVKDYHGHPRQVWUDWHGWKDWVLJQLILFDQWGXUDOLQYDVLRQRFFXUVLQDSSUR[LPDWHO\
WKXV SRUWHQGLQJ LQFRPSOHWH VXUJLFDO UHVHFWLRQ 0RUHRYHU WKHUH PD\ EH ORFDO HIIHFWV PDLQO\ GXH WR
SUHVVXUHRQWKHRSWLFFKLDVPDRUFRPSUHVVLRQRIWKHK\SRWKDODPXV>@
'HVSLWHWKHDGYDQFHVPDGHLQRXUNQRZOHGJHRIWKHPROHFXODUDQGFHOOELRORJ\RISLWXLWDU\WXPRUVWKHLU
RQVHW DQG SURJUHVVLRQ DUH DVVRFLDWHGZLWK VXFK DQ LQWULFDWH SOHWKRUD RI JHQHWLF LPEDODQFHV WKDW WKHLU
XQGHUO\LQJG\QDPLFVDUHVWLOODPDWWHURIGHEDWH>@+RZHYHUWKHFXUUHQWLGHDWKDWPROHFXODU
HYHQWV OHDGLQJ WR LQFUHDVHG WUDQVIRUPLQJJHQH H[SUHVVLRQ RU WKH VLOHQFLQJ RI WXPRUVXSSUHVVRU JHQHV
SLWXLWDU\DQGK\SRWKDODPLFKRUPRQDOGHUHJXODWLRQH[FHVVJURZWKIDFWRUSURGXFWLRQDQGHQYLURQPHQWDO
RU LDWURJHQLFPXWDJHQLFVWLPXOLPD\DFW LQFRQFHUW WRSURPRWHWKHLUGHYHORSPHQW LVDXVHIXOSDUDGLJP
WKDW LV SDUWLFXODUO\ UHOHYDQW WR HQGRFULQH WXPRULJHQHVLV ;FKURPRVRPH LQDFWLYDWLRQ DQDO\VHV KDYH
KLVWRULFDOO\ LQGLFDWHG WKDW WKH SULPDU\ HYHQW KHUDOGLQJ WKH ILUVW SLWXLWDU\ FHOO FORQDO H[SDQVLRQ LV DQ
LQWULQVLFSLWXLWDU\FHOOXODUPXWDWLRQEXWWKLVFRQFHSWKDVEHHQUHFHQWO\H[WHQGHGRQWKHEDVLVRIILQGLQJV
RILQGHSHQGHQWPRQRFORQHVLQWXPRUDOWLVVXHVWDNHQIURPUHFXUUHQWSLWXLWDU\WXPRUVDULVLQJLQWKHVDPH
SDWLHQW 7KHVH ODWWHU REVHUYDWLRQV VXJJHVW WKDW LQGLYLGXDO PRQRFORQDO H[SDQVLRQV GHYHORS GXULQJ D
SDWLHQW¶V OLIHWLPH DQG EHFRPH WKH GRPLQDQW WXPRU PDVV GHSHQGLQJ RQ WKHLU JURZWK DGYDQWDJH
FKDUDFWHULVWLFV









2XU ILQGLQJV ILUVW GHPRQVWUDWHG WKH H[SUHVVLRQ RI D &7 DQWLJHQ 6S LQ D VXEVHW RI FOLQLFDOO\
IXQFWLRQLQJ DQG QRQIXQFWLRQLQJ SLWXLWDU\ DGHQRPDV 6S KDV EHHQ RULJLQDOO\ LGHQWLILHG DV D &7
DQWLJHQ LQ 00 >@ DQG RYDULDQ FDQFHU >@ DQG &7 DQWLJHQV DUH DFNQRZOHGJHG WR EH SRWHQWLDOO\
VXLWDEOHWDUJHWVIRUFDQFHULPPXQRWKHUDS\EHFDXVHRIWKHLUUHVWULFWHGH[SUHVVLRQLQQRUPDOWLVVXHVDQGLQ
YLYRLPPXQRJHQLFLW\>@$OWKRXJK6SZDVEHOLHYHGWREHDVSHUPVSHFLILFSURWHLQDQGWKRXJKWWR
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SOD\DUROHLQVSHUPHJJLQWHUDFWLRQVE\ELQGLQJWRWKH]RQDSHOOXFLGDYLDWZRFRQVHUYHGKHSDULQELQGLQJ
PRWLIV LWVUROHKDVUHFHQWO\EHHQUHHYDOXDWHG>@)LUVWRIDOO WKHH[WUHPHO\KLJKGHJUHHRIVHTXHQFH






LQ 00 WXPRU FHOO OLQHV DQG DOWKRXJK '1$ PHWK\ODWLRQ LV QRW WKH SULPDU\ FRQWURO PHFKDQLVP
UHJXODWLQJ WKH H[SUHVVLRQRIPRVW WLVVXHVSHFLILF JHQHV WKH UHVXOWV LQGLFDWH WKDW SURPRWHUPHWK\ODWLRQ
FDQVHUYHDVWKHPDLQUHJXODWRU\PHFKDQLVPIRUWKHH[SUHVVLRQRI6SLQVXFKOLQHV>@
2QWKHEDVLVRIRXUILQGLQJVLWFDQEHVDLGWKDW D6SLVWKHILUVW&7DQWLJHQZKRVHSUHVHQFHKDVEHHQ
GHPRQVWUDWHG LQ D SURSRUWLRQ RI SLWXLWDU\ DGHQRPDV E 6S LV KLJKO\ H[SUHVVHG LQ FOLQLFDOO\
QRQIXQFWLRQLQJSLWXLWDU\DGHQRPDVOHVVVRLQFOLQLFDOO\IXQFWLRQLQJDGHQRPDVDQGYHU\OLWWOHH[SUHVVHG
LQ QRUPDO SLWXLWDU\ JODQGV F 6S LV ORFDOL]HG LQ WKH F\WRSODVP RI D IHZ QRUPDO SLWXLF\WHV DQG D




DQWLJHQ WDUJHWV WKDW DUH QRW RQO\ H[FOXVLYHO\RU SUHIHUHQWLDOO\ H[SUHVVHG LQPDOLJQDQW WLVVXHV EXW DOVR
H[SUHVVHGLQDKLJKSHUFHQWDJHRIWXPRUDOFHOOVLQDODUJHQXPEHURISDWLHQWV>@*LYHQWKHJOREDOO\
KLJKH[SUHVVLRQRI6SLQSLWXLWDU\DGHQRPDVVXSSOHPHQWDU\LQYHVWLJDWLRQVDUHZDUUDQWHGLQRUGHU WR




WKDQ WKRVH ZLWK LPPXQRQHJDWLYH WXPRUV LW LV ZRUWK GHYHORSLQJ H[SHULPHQWDO PRGHOV LQ RUGHU WR
LQYHVWLJDWH WKH G\QDPLFV RI 6S H[SUHVVLRQ GXULQJ WKH GHYHORSPHQW DQG JURZWK RI WKLV QHRSODVWLF
GLVHDVH
5HIHUHQFHV










>@ /OR\G 59 $GYDQFHV LQ SLWXLWDU\ SDWKRORJ\ XVH RI QRYHO WHFKQLTXHV )URQW +RUP 5HV

>@ 6DHJHU:3LWXLWDU\WXPRUVSURJQRVWLFLQGLFDWRUV(QGRFULQH
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>@ 6XKDUGMD$.RYDFV.*UHHQEHUJ26FKHLWKDXHU%:/OR\G593URJQRVWLFLQGLFDWRUVLQ
SLWXLWDU\WXPRUV(QGRFU3DWKRO
>@ .RQWRJHRUJRV * 3UHGLFWLYH PDUNHUV RI SLWXLWDU\ DGHQRPD EHKDYLRU 1HXURHQGRFULQRORJ\

>@ 6SDGD $ 9DOODU / )DJOLD * &HOOXODU DOWHUDWLRQV LQ SLWXLWDU\ WXPRUV (XU - (QGRFULQRO

>@ *HRUJLWVL0 5DLWLOD$.DUKX$ 7XSSXUDLQHQ.0DNLQHQ0- 9LHULPDD2 3DVFKNH5
6DHJHU:YDQGHU/XLMW5%6DQH75REOHGR0'H0HQLV(:HLO5-:DVLN$=LHOLQVNL
*/XFHZLF]2/XELQVNL-/DXQRQHQ99DKWHULVWR3$DOWRQHQ/$0ROHFXODUGLDJQRVLVRI






>@ 6FDQODQ 0- *XUH $2 -XQJEOXWK $$ 2OG /- &KHQ <7 &DQFHUWHVWLV DQWLJHQV DQ
H[SDQGLQJIDPLO\RIWDUJHWVIRUFDQFHULPPXQRWKHUDS\,PPXQRO5HY
>@ =HQGPDQ $- 5XLWHU '- 9DQ 0XLMHQ *1 &DQFHUWHVWLVDVVRFLDWHG JHQHV LGHQWLILFDWLRQ
H[SUHVVLRQSURILOHDQGSXWDWLYHIXQFWLRQ-&HOO3K\VLRO
>@ 6LPSVRQ $- &DEDOOHUR 2/ -XQJEOXWK $ &KHQ <7 2OG /- &DQFHUWHVWLV DQWLJHQV
JDPHWRJHQHVLVDQGFDQFHU 1DW5HY&DQFHU
>@ /LP6+:DQJ=&KLULYD,QWHUQDWL0;XH< 6SHUPSURWHLQ  LV D QRYHO FDQFHUWHVWLV
DQWLJHQLQ00%ORRG
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